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(54) PERIPHERY SAGGING MEASUREMENT OF SEMICONDUCTOR SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To attain the quantitative evaluation of surface 
flatness by mounting one end surface of a semiconductor substrate on an 
optical flat, and scanning from the vertical surface of a block gauge to the 
surface of the semiconductor substrate by means of a stylus on a surface 
roughness measuring device. 

SOLUTION: A block gauge 2 is put on an optical flat 1 with clay. The end 
surface 2a of the block gauge 2 is perpendicular to the optical flat 1, and the 
substrate 3 is brought into close contact with the end surface 2a of the 
block gauge 2. The angle of the front end part of a stylus 4 to be used is 45- 
90 degree, and the radius of curvature of the front end part is 2-10 u.m. The 
stylus 4 is moved from the block gauge 2 to the substrate 3 in this formation, 
and moved from the point where the stylus 4 separates from the block gauge 
2 to a prescribed point to accommodate the surface shape of the outer- 
periphery of the substrate 3 by a prescribed distance. The travel speed of 
the stylus 4 scans at a prescribed slow speed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The measuring method of circumference sagging of the semi-conductor substrate 
characterized by placing the whole surface of a block gauge perpendicularly on an optical flat, 
carrying the end side of a semi-conductor substrate in contact with this vertical plane on this optical 
flat, migrating to a semi-conductor substrate front face from the vertical plane of a block gauge, and 
scanning by the stylus of a surface roughness tester. 

[Claim 2] The measuring method of circumference sagging of the semi-conductor substrate 
according to claim 1 with which the include angle of the point of a stylus is characterized by the 
radius of curvature of a point being 2-10 micrometers at 45-90 degrees. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the measuring method of surrounding sagging of a 

semi-conductor substrate like a silicon wafer or a compound semiconductor wafer. 

[0002] 

[Description of the Prior Art] For example, the display flatness of the semi-conductor substrate front 
face like a silicon wafer is an important parameter which is effective against the yield of the 
lithography process of device creation time, and it is required that display flatness should be below 
minimum-line-width (design rule) extent of a circuit pattern in the field corresponding to exposure 
area. Display flatness has the global flatness (for example, TTV: Total Thickness Variation, 
TIR:Total Indicating Reading) which measures the display flatness of the whole substrate with an 
exposure method, and the local site flatness (for example, STIR: Site Total Indicating Reading) 
which measures display flatness for every site of a substrate. Both flatness is measured in the 
measurement field (FQA:Fixed Quality Area) except the nominal periphery section on the front face 
of a substrate (= exclusion width of face). Recently, generally measuring by the field except 3mm of 
a substrate periphery and (exclusion width-of-face =3mm) is performed. However, SIA 
(Semiconductor Industry Association) If it depends on a technical load map, the electric wire in a 
circuit will carry out thinning as the high degree of integration of a device progresses, and wiring 
spacing will become narrow. If exclusion width of face will be set to 2mm if the design rule of a 
component integrated-circuit pattern becomes smaller than 0.18 micrometers, and a design rule 
becomes smaller than 0.10 micrometers, it is said that exclusion width of face is set to 1mm (for 
example, refer to [ SIA, The National technology road map for semiconductors, p.p. 1 13, and ] 1994). 

[0003] Moreover, also in creation of the existing memory device (a design rule is 0.50 micrometers), 
by part of a device manufacturer's cost reduction, it exposed also to the silicon wafer periphery (the 
range of 0-3mm of the outermost periphery) which was outside exposure area, and the motion which 
is going to make a semiconductor device has come out conventionally. Consequently, exclusion 
width of face is in the inclination which becomes still narrower. Therefore, the needs of 
measurement of the display flatness of the 0-3mm field of the outermost periphery or a periphery 
configuration are increasing increasingly. 

[0004] It is said that the display flatness of the silicon wafer periphery section is decided by the 
polish process. If the factor which especially a polish cross occupies is large and generally uses the 
big polish cross of compressibility, it will be easy to generate sagging of the periphery section. This 
is because a substrate tends to sink in a polish cross deeply, so polish of the periphery section is 
promoted. As a preventive measure, press of a substrate guide ring and the balance of the pressure of 
the top ring supporting a substrate are maintained with a single-wafer-processing grinder, and the 
approach of preventing periphery sagging is proposed (for example, refer to JP,9-168964,A). 
[0005] For example, when it is the wafer with which the oxide stuck to the silicon substrate, a 
periphery configuration can be known also by the approach of measuring the thickness of an oxide 
film with the oxide-film thickness measuring instrument using optical interference. The example 
actually measured to 0mm of silicon wafer periphery sections on the main criteria of a wafer is also 
seen (for example, refer to JP,9-168964,A). However, the trouble of this approach is applicable only 
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to the substrate which the layer which is two kinds from which a rate of optical refraction like a 
wafer with an oxide film differs joined. 

[0006] Today's typical display flatness measuring method is the approach of measuring two 
thickness using an electrostatic-capacity sensor, and computing display flatness. The advantage of a 
capacitive sensing method is the point which can measure global flatness and site flatness with 
quickly and sufficient repeatability by non-contact. However, as a trouble of measurement of site 
flatness, the aperture of an electrostatic-capacity sensor is 4mm**, and it is the point that only the 
information by which 4mm** was equalized is acquired. Since the outside of the aperture (4mm**) 
of an electrostatic-capacity sensor measures in accordance with the outermost periphery (FQA) of a 
display flatness measurement field when measuring the display flatness of the substrate outermost 
periphery (it is FQA=198mm with a substrate with a diameter of 200mm) especially, it will be 
equalized by the value of 2mm of insides from FQA. Therefore, since it is the value which cannot 
measure display flatness of 0-lmm of the substrate outermost periphery by the electrostatic-capacity 
method and by which the field of the 1mm or more of the outermost peripheries was also always 
equalized by 4mm**, it is difficult to grasp an actual configuration correctly, and it is difficult also 
for quantification of periphery sagging. 

[0007] In the case of the display flatness measuring instrument using semiconductor laser (aperture: 
10-20 micrometers) with small sensor aperture, a sampling period is also small (1 -micrometer [ a 
minimum of ] pitch), and the configuration of the periphery section can be incorporated correctly. 
However, the trouble of the display flatness measuring instrument using semiconductor laser is in the 
point that quantification of periphery sagging is difficult. That is, in order to quantify sagging, it is 
required to decide a coordinate, but in the display flatness measuring instrument using 
semiconductor laser, even if there is no radix point for making it edge criteria and it is able to 
measure the configuration of the periphery section, a coordinate cannot be decided and quantification 
of sagging cannot be performed. 

[0008] In the display flatness measuring instrument of the conventional silicon wafer, since sagging 
of the wafer periphery section cannot be quantified, feedback of the configuration information on the 
polish process for preventing periphery sagging cannot be performed, either, and the device 
production process to which detailed-ization progresses cannot be provided with the substrate of 
high display flatness. 
[0009] 

[Problem(s) to be Solved by the Invention] This invention was made that the above problems should 
be solved and tends to offer the measuring method by which the surface display flatness of a 
substrate can be quantified and evaluated. 
[0010] 

[Means for Solving the Problem] We decided to express the surface display flatness of a substrate by 
this invention's measuring the surface type-like curve of the field of the 0-3mm range of the 
outermost periphery of a substrate with a surface roughness plan on the basis of the block gauge 
stuck and installed in the substrate end face, setting up an axis of coordinates on the basis of the end 
face of a substrate, and expressing a sagging start point and the amount of sagging. 
[0011] 

[Embodiment of the Invention] If this invention is furthermore explained to a detail, this invention 
will place the whole surface of a block gauge perpendicularly on an optical flat, will carry the end 
side of a semi-conductor substrate in contact with this vertical plane on this optical flat, will cross it 
to a semi-conductor substrate front face from the vertical plane of a block gauge, and will adopt the 
approach which whenever [ point-angle ] scans at the stylus of the surface roughness tester whose 
curvature of 90 degrees and a point is 2 micrometers for the diameter of 2mm or less. 
[0012] Drawing 1 - drawing 4 are drawings explaining the fundamental concept of this invention. 
Similarly the top view in which drawing 1 shows the physical relationship of the datum line and a 
substrate, and drawin g 2 are side elevations. In drawing 1 and drawin g 2 , a sign 1 is an optical flat 
and is sticking the block gauge 2 with clay 5 on an optical flat 1. End-face 2a of a block gauge 2 is 
perpendicular to an optical flat. A substrate 3 is laid so that it may be made to stick to end-face 2a of 
a block gauge 2. Let the height of a block gauge 2 be a little larger thing than the thickness of a 
substrate 3. 
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[0013] The diameter of needle 4a of the stylus 4 to be used is set to about 2mm, and the include 
angle of point 4b sets the curvature R at a tip to 2-10 micrometers 40 to 90 degrees (refer to drawin g 
3 ). Needle 4a of a stylus 4 is constituted so that it may have the include angle of 60 (as opposed to 
an optical flat) - 90 degrees to an arm. Thus, it is because the measuring point from a substrate end 
face becomes fixed and can grasp a sagging starting position correctly by being thin and specifying 
the diameter of a stylus 4 to constant value, the vertical direction of the surface roughness meter to 
be used - 15nm (1000-micrometer range) of resolving power is desirable. 
[0014] from the point (periphery section of = substrate) where the stylus 4 was moved from the 
block gauge 2 towards the substrate 3, and the stylus 4 shifted from the block gauge 2 in the 
configuration mentioned above up to a 6mm point — a stylus 4 — moving — the shape of surface type 
of the periphery section of a substrate — 0.25 micrometers every — it incorporates (refer to drawin g 
2 ). The passing speed of a stylus 4 is scanned at a loose speed of 0.5 or less mm/sec. 
[0015] By the above-mentioned equipment system, the straight line which approximated the 3 -6mm 
section with the least square method from the end face on the front face of a substrate as the X-axis 
is used. Moreover, as the Z-axis, end-face 2a (= the end face of a substrate 3) of a block gauge 2 is 
used, and the X coordinate in end-face 2a is taken as zero (X= 0). Thus, after carrying out a 
coordinate setup, as a sagging start point of the substrate periphery section, a surface type-like curve 
adopts the X coordinate of the point which begins dissociation from the X-axis, and quantifies and 
expresses sagging from a substrate end face, using the Z coordinate of a 1mm point (X= 1) as an 
amount of sagging (refer to drawing 4 ). 

[0016] Although the coordinate took and main criteria and edge criteria could be considered as a 
direction, according to the experiment of an artificer, in measurement of the periphery section, it 
turned out that it is more desirable to take a coordinate on edge criteria. If it is main criteria as a 
reason, a sensor is 94mm (when the diameter of a substrate is 200mm) to a test section. Although it 
is necessary to move, to apply to an edge further and to carry out to 6mm, i.e., total displacement 
distance, and it necessary to measure the range of 100mm, a gap of a coordinate arises depending on 
how to place a substrate. When the artificer measured on main criteria, even if it used the plinth 
which wafer location ****** attaches, whenever it installed the wafer, the several mm error arose 
every each time. On the other hand, in the case of edge criteria, a measurement field is 6mm from an 
edge, and it is hard to set a gap of a coordinate. The repeat measurement of the same location of the 
repeatability of the amount of sagging and a sagging start point was also good. 
[0017] By sticking to the block gauge 2 perpendicular to the optical flat 1 on an optical flat 1, and 
installing a substrate like this invention, the location of an edge can become clear clearly (X 
coordinate is a 0mm point), and can quantify sagging. On the other hand, when not using a block 
gauge, the location of an edge is not known but it is hard to attach the thing it became impossible for 
a stylus to follow in whose footsteps by the chamfer of a substrate, or ascertaining which is decision 
of being the outermost periphery of a substrate again. Moreover, since a stylus 4 incorporates the 
surface type-like curve of the periphery section, it can check whether the periphery section is rising, 
or (the condition, common-name ski jumping to which the shape of surface type rose to Z direction 
minus) it has fallen (the condition, common-name roll-off to which the shape of surface type rose to 
Z direction plus), and the information can be fed back to a polish process. Since this invention only 
combines an optical flat and a block gauge with the existing surface roughness meter and can 
quantify sagging of the periphery section, it is a cheap measuring method. 
[0018] 

[Function] This invention places a substrate into the quadrant from which a field perpendicular to the 
X-axis and a substrate base is defined as a Y-axis, and the X-axis and a Y-axis make the average 
field on the front face of a substrate, measures the variation rate from the X-axis and a Y-axis, and 
expresses the surface display flatness of a substrate periphery universally and quantitatively. 
[0019] 

[Example] The example and the example of a comparison of this invention are given to below, and it 
explains to it still more concretely. 

(Example) On CZ high-doping P type silicon single crystal substrate with a diameter of 200mm, a 
sample is the silicon epitaxial wafer which carried out the laminating of the P type silicon epitaxial 
layer, and used seven wafers which carried out polish processing using three kinds of abrasive cloth 
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with which degrees of hardness differ and with which surface display flatness differs. The relation of 
the hardness of a sample wafer and abrasive cloth is shown in Table 1. Since the hardness of 
abrasive cloth becomes soft at the order of the sample notations A, B, and C, sagging of the wafer 
periphery section becomes large and surface display flatness also worsens. 
0020] 







A-1 




A-2 




B-1 




B-2 




B-3 




C-1 




C-2 





[0021] It placed on the optical flat at physical relationship as showed the above-mentioned seven 
wafers sample to drawin g 1 and drawing 2 , the sagging starting position and the amount of sagging 
of a location of perimeter 8 direction were measured, and the shape of surface type of the 
circumference profile section was investigated. As a measuring point is shown in drawing 5 , they 
are eight places of 45 degrees from 90 degrees and Hxage hula section to the right from 135 degrees 
and Gxage hula section to the right from 90 degrees and D; cage hula section to the left from 45 
degrees and Cxage hula section to the left from Axage hula section and Bxage hula section to the 
left from the opposite side of 135 degrees and Exage hula, and Fxage hula section to the right. 
Measurement sequence measured the profile configuration by measuring the location (H) of 45 right 
from the cage hula section first, making it rotate by a unit of 45 degrees one by one rightward, and 
measuring the "sagging starting position" and the "amount of sagging" of eight directions. The 
measurement result of the "sagging starting position" of each sample is shown in Table 2, and the 
measurement result of "the amount of sagging" is shown in Table 3. In addition, "the amount of 
sagging" was expressed with the amount of sagging with a location of 1mm (X= 1mm) from the 
wafer periphery. 
[0022] 
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[0024] Next, the relation between the X coordinate when scanning by the stylus about a sample A-l, 
a sample A-2, and a sample C-2 and a Z coordinate is shown in drawin g 6 . (a) is [ a sample A-2 and 
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(c of a sample A-l and (b)) ] samples C-2 in drawin g 6 . 

[0025] A "sagging starting position 1 ' is 1.2mm from a wafer periphery, "the amount of sagging" is 
0.05 micrometers, the large part of a wafer of a sample A-l is flat, and the result of Table 2 and 3 
shows that the large range can use for component creation. Although "the amount of sagging of a 
sample A-2" is small subsequently to 0.13 micrometers and a sample A-l, a "sagging starting 
position" is 2.4 mm from a wafer periphery on an average, and moreover, with a location, its 
difference is large and it is understood that the area of the flat part which can be used for component 
creation in a ski-jumping configuration is small. It is attached to Samples B and C, and a gap is also 
a roll-off configuration and this sequence understands that "the amount of sagging" is large for it. 
[0026] (Example of a comparison) For the comparison, about the same sample wafer as an example, 
the display flatness measuring instrument which consisted of two capacitive type sensors currently 
used from the former was used, and site flatness (STIR) was measured. The measuring point of STIR 
created 60 eels of 22mmx22mm from **** of a wafer with a diameter of 200mm to the inside except 
for the range of 1mm as exclusion width of face, and measured STIR for every cel. The location of 
the eel in a wafer is shown in drawing 7 . Measurement of STIR defines a focal plane (the minimum 
square side) as a datum plane for every eel, and is POJITEI from this datum plane. It is expressed 
with the sum of BU muximum departure and negative muximum departure. Moreover, STIR-16max 
16 eels (part to which it added shading by drawing 7 ) of the inside-and-outside periphery of the eel 
of a total of 60 pieces within the wafer side shown in drawing 7 were chosen, and the maximum of 
the STIR was shown. A measurement result is shown in Table 4. 
[0027] 
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[0028] From the result of Table 4, it is STIR-16max about each sample. The existing eel location and 
STIR-16max Although a value is known, the "sagging start point" (distance from the maximum 
periphery section) and the "amount of sagging" are unknown. This result to the sample A-l is STIR- 
16max. It is the smallest and a sample C-2 is STIR-16max. Although it turns out that it is the largest, 
since the field configuration of the periphery section is not known, it is not known to which location 
of the wafer periphery section feedback information cannot fully be participated in a consecutive 
polish process, and a component can actually be made. 
[0029] 

[Effect of the Invention] Since this invention only combines an optical flat and a block gauge with 
the existing surface roughness meter and can quantify sagging of the periphery section, it is a cheap 
measuring method. An axis of coordinates is set up on edge criteria with the block gauge as the 
starting point stuck and installed in the substrate end face with the measuring method of this 
invention, the shape of surface type of the range of 0-3mm is measured with a surface roughness 
plan from the outermost periphery of a substrate, and the configuration can be displayed while 
quantifying with the value defined as the amount of sagging and sagging start point of a periphery of 
a substrate. If it depends on the approach of this invention, since certain conditions can estimate also 
to a different substrate, a device can be acquired with sufficient yield by feeding back fixed 
information to a device production process. The measuring method concerning this invention is 
effective not only for a silicon wafer but periphery sagging measurement of a hard disk substrate. 
Therefore, the repercussion effect is greatest and industrial value is high. 
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Ci^- «CCtffeh.rV>4. ffiU S I A (Seirriconduc 
tor Industry Association) 6£ffl5n— ^ :/CCf&5 

&r<£->©7*1f^>;l/-;l,#0. 18/imJ:^I^< 

frtlTO-S (#flxj£ S I A, The National technoloqy 
road map for semi conductors , p. p. 11 3, 1994 #BS) 

[0003] titc wmcDj^v-m* (WttttTirj 

>;l/-jl/#0. 5 0 urn) <Dftitt,tCis\ t *Xi>f : 'i<{AJ 
fc^V^y^^-^MiDM (SW^©0-3mm©© 

ee^r. ^jaaj©o--3min©««©¥SK* 
[0004] ^'j^^-jx^/^mwagii, mm 



(2) «fH 2000-146569 

2 

]g* P7>(iil< tt*a*SC»©-c. * r Jieg|5©WJS#ffliI 

ztizfrzxfoz. m±mtbxtt, tm^Mm^xm 

(WitfllHf 9- 1 6 8 9 64#i) . 

[0005] f <) ^ ymmcmitm^m^tco * 

- / ^ #*=F#*flK » te»ft«inH3E«rBWfcBI 
- 168 96 4#RB) . {IU C©#^raJH* 

ttffif bjjg W £ ft x - '■>© J: 5 a#©ffl*T*rt*«Sc 
JK©«**ffi £ V fdititfc isfr&mxgte^ctx&Z. 

[0 0 0 6 ] ^BflDf^«tt¥fitt*J£&ffitt, »S§ 
fi-fe > if - £ 2 C ^ X m 3 £ I WJ b . T 

(Df\-mvnm£. iotit pmsM-fe >if - ©paw 4 

mmd-CftD, 4 mmn©TWkStifct»*Hl/W#6*l 
_ tel^"C*S. »CC. tttSft^FM (I{S2 0 0ram©S 
fit'PQA= 1 9 8 mm) ©^ag^Sl^fSW^ 
^fi-lr > tr - ©PS ( 4 m m □ ) ©JI-OB^^SttiMffi 
ffiW© APtM (FQA) © r *tf -5 ©T\ F Q 
A 6 F^fflfl 2 m m ©fflCC^f 1 5 ft £ C £ CC & £ . o 

r. »sstsrttS«*Jtas©o-i mnKD^as 

dWI^-C # ft^f a I m mJ£t±©««fefltec 4 mmD 

[0007] t>y-nm*'b2^mmfci>-'*f (□ 

a : l 0-2 0 am) *ffll»/c¥ttffi»ISg©»£\ ^ 
©JB«*jEK«:Ki3iitfC<!:*«HJ*S. 

40 ^jft<. !R(C^jaSl5©JK***»I^SC<!:3&«fH*/c<b 
[0 0 0 8 ] S£*©-> y n>^xw>©^ffiS9J^CC 

*5C*r«, ^x-^^sp©yL/*^»ftr#&c*© 
scc^iia©a«*«ttirsccb^ai*^^r^5o 

[0 0 0 9 ] 

50 raJH*»»T^<J&Sft/cfe©'C, ®«©aM¥iiS^r 



C3) 

3 

[0010] 

[0011] 10 

[0012111 ^H4«*«WOS*«^:43i^"r* 
B, H2ttBli;<flfMBI"C*4. 01, H2CCtel»rW 

:/a 9 *<Jr-^2©48ffi2 aCt^^-r *J^7 v 
ffi2 afc^#2tt£J:5icafgir£ 0 :/ci*** , -^2 

[0013] mm-rzzz jvxAmu aommzz 

mmmmtb. bOftg«4 0-9 OS. 5te*S 

(Dft^RtJ2- 1 0 /imcb-ra (03MS) . 30 

cc^lt) 6o~9o«©ft«*WT4<fc5Ki«^ 

£ D C©J:5tc;*#^;*4<D[e&**ffl< * Sffl 

^rS*^3»©±T*FoJ»»IBttl 5 nm (10 
0 0 mnl/y^) ^S^Ll^ 0 

[0 0 1 4 ] ±£EUMHj£{CteliT\ :/P*^y->>2 

j^6StK3«ci^j^r^^-Y 7>t4£ibft>u x^-f^x 

4^^P^^y-^2 36^W-rti/c«Ss5 ( = £fi<D*f® 40 

©#JS»<D*ffl©tt* 0 . 2 5 u m SCcER 0 iitr (H 2 
#flg) 0 **^*4©»«j2ffiti0. 5 mm/sec 
WT©«^>^ * f - F t^ST & o 
[0015] ±fB(DKaSr, XM<t teStSSlffiCD 
HD#»5 3-6 mm(DKra«:«/jNZ:*£EriSlHbfcieK 

3B2 a ( = StS3CD^S) *GMU SI2a«:bt« 

xffi««*(x = o) it^ c©j:5«ca«we*L 
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tUtttI«8I*6 1 mmOm&L <X = 1 ) OZIS 
[OOielSgOKWiLt. 

t>fr-y?t 0 im tux te^&mm t?z>± snssp s -c * 

>+/-#9 4mm( Sfg<Di6a#2 0 OmnKDH^) f£ 

*brB«:x?2/mr6min. fin ^^ttSBdtcc L 
ri 0 0 mmCD«H*a'Jm-r4^S^*S*^ S«Og 

HSU ic6, 9 * -/NttBifc^o^ri^^ffi 

[0017] *»9H<DJ: 9 Cc, * ^ * 7 •> h 1 

CD.b.CD^^f' f JjfoVyy b 1 CCSEfe^D 

steewjo (xj^a«oinm©ifi*) , ^u^stft-r 

if 0 o r ^ 5 ( SiBJKtt^ Zl5fa-?41~ 

jd^U^^ ( *BJBfl»< Z ^-5 7> tc5S 0 ±50^ -3 sTc 

[0018] 

»«»ffi©¥iWl«Cffl*X». S« 
JSBi(c"aitttffi*YttiOrS*, XH. YWOfPSA 

[0019] 

CHJ»W] «TfC, *»W©SiJS«<!:J:ttt««:*Cft:3 
(HJiSW) Vyy'MX* 6S2 0 0mm<DCZ^YK- 

Il/c affi^ffiSOS&STtJ^D^x-^^rffifflb 
/c 0 ^^^Jl/^x-^iSFB^BESORI^SrSnc^ 



[0020] 
[«1 1 







A-1 




A- 2 


My 


B-1 


B-2 




B-3 




C-1 


C-2 





[0 0 2 1] ±S27ft<0'?x-/^>yjU*|gi 
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6 

a A : *y ^SR, B : * V 7 ^SM&eZE^ 

4 C:*';7 7«*6£^9 08. D ; t 

1 3 5ffi, E : * l) 7 ^©ESfHJPK F : * y 

R 4 H : * y 7 7»*66^4 5g(D8 *F3f 3»J 

3ew*«5fet , *y^v»^6*4 5*©tta (h) 

10 *S*£i£2tt:, $fc T^USJ CD»J^*S^*^3 5C* 
To r^ufj tt^x-^as*^ 1 mm (X = 

lmm) OELKD^H^4)-or^e)bl//c 0 
[0 0 2 2 ] 
[*2] 







^ 1/ 


M # & 


■ 


HUK-: mm) 










ft 








sm 


A 


B 


C 


D 


E 


F 


G 


H 


A-1 


1.2 


0.7 


1.2 


2 


1.2 


2 


0.8 


0.7 


1.2 


A- 2 


2.4 


1.2 


2.8 


1 


3.4 


1.24 


3.2 


3.6 


2.4 


B-1 


2 


2.8 


2.8 


2.4 


2.4 


2.8 


2 


2.9 


2.5 


B-2 


2.6 


2.6 


2.6 


3 


2.2 


2.6 


2.4 


2.2 


2.5 


B-3 


3.2 


3.2 


3 


1.0 


2 


2.2 


3 


3 


2.7 


C-1 


3 


3 


2.6 


2.6 


2.4 


3 


2.2 


2.4 


2.7 


C-2 


3 


3 


3 


3.2 


3.2 


3.2 


3 


3 


3.1 



[0 0 2 3 ] 



V U iTc (W/: : Mm) 







m 




ft 


m 




*m 


A 


B 


C 


D 


E 


F 


G 


H 


A-1 


0 


0 


0.1 


0.1 


0.1 


0.1 


0 


0 


0.05 


A- 2 


0.2 


0.1 


0.2 


0 


0.2 


0.1 


0.1 


0.11 


0.13 


B-1 


0.2 


0.6 


0.3 


0.6 


0.3 


0.5 


0.15 


0.5 


0.39 


B-2 


0.35 


0.5 


0.4 


0.5 


0.3 


0.3 


0.2 


0.4 


0.37 


B-3 


0.8 


0.65 


0.3 


0.2 


0.1 


0.2 


0.3 


0.5 


0.39 


C-1 


0.5 


0.7 


0.5 


0.6 


0.45 


0.7 


0.4 


0.6 


0.56 


C-2 


0.9 


1.15 


0.9 


0.9 


0.9 


1.1 


0.9 


1.1 


0.98 



•y->7)\sC - 2 iCOUT * $ JvXVX* v > l^fct # 
CDX^iZ^<DB8^*E6(C^-r o B6r (a)B 
1t>^A-l, (b)«f*>^I/A-2. (c)«*y* 
>7*Jl/C- 2"C£>£„ 

[0 02 5]^2SC/*3©IS*^6, 1f>y;UA- 1 
ft r^L/BatfttaiBj JtftfX-^aifcfefc I . 2mmT\ 40 

. JECr^fBH^SR-T-fRSECCfiJfflT?* 4 C <t *>*PJ 
-y->7Vl/A-2« T^Ufij «0. 13/zmif> 

r*x-;\JB»*p*>2 . 4mmt l/*tfiS(cJ;ot 

[0 0 2 6] (tbRW) tbtto/c««*6«<!:ra-a>*> 50 



»*&jtss-fe -raws s nfc^ffljssjss* fitffl o 
-c -y-w (stir) %m&i>tto st 

I R(D$JSf4KC3:i6&2 0 0mmCD^x-^NCD^I^6 
1 inni«D«olffl*^HSi OtTRfe*, -e<D[*JffliJCt 2 2 mm 
x2 2mmCO*fe^«r6 OlWlt, ^SOSTIR 

t i R<Dwmz&^^mcM£M (*/i\niffi) 

^^-f^Mi©«lti?hS. S/cSTIR- 
1 6 max «07CC^-r^X-^ffirtCT)^6 0 fBKD-teJMD 

C>\ ^<DST I R<D^m^0tc o sjjeiss^^cc 

[0 0 2 7] 
[*4] 



(5) 
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STIR-16max 




STIRI 


A-1 


23 


0. 4 7 


A— 2 


20 


0. 65 


B-1 


14 


0. 86 


B-2 


14 


0. 99 


B-3 


1 7 


0- 92 


C-l 


1 7 


1. 22 


C-2 


20 


1. 50 



[0 0 2 8 ] ^4Caf3*^6&i> g-lf > >Ot/CCOt>T s 
TIR-1 6max (b&>h A e.fo&&L£* S T I R- 1 6 max 
©OttflStf. r ^uBMSjSj (*H*IBIJ*>6©IH«) 

l^ST I R - .1 6 max #—#^3 < , it>7*;UC - 2 
^STIR-1 6max C 

x - ^ JH«8P<D ft WIH 5 -* ti & * &*IJ 6 ft 
[0029] 



^C^(Dff5t«^^-C^€>„ *»W©*ffi(CfiKtitf. ft 
io [Hffi<OiarWcCK?8] 

[02] 3f^f-f^77 7 h i»tg<b(Dt4aM^|ft 
[13] X^^5XCD^^TIllt?^>^ n 

[us ] SfiJ:(DiPjj^g^-r[gr*^. 

[07] SS±tD»J^f4ai0rS^uyt-fe;l/<0BBIB«: 
[I^CDItfW 

1 •^y'T'-i t?)iy v > b 
3 

4 X^^X 

5 tt± 



[HI 1 



12] 





[H3] 
90' 



CH5] 



4a. 



nz) 



4t 90° 
fcSSR : 2iim 




(6) 



#08 2000-146569 



[04] 



(H6 1 



0mm 




3 



[17] 




i 



Co; 



»^il|mJI|^ffTj![WEAil|WT5# I # BS 
-ft 



2F062 AA55 BB08 BC28 CC30 EE01 
EE62 FF03 FF25 GG41 HH05 

hkl4 mo7 mos 

2F069 AA54 BB15 DD30 GG01 GGll 
GC62 HH04 DJ06 3325 LLOi 
I I 04 mo2 

4M106 AA01 BA11 CA24 DH03 DHU 
DH60 OD01 



